. 20 months to 16 years old. died from a disease characterized by weakness and paralysis of the hind legs. weight loss. anemia and transient diarrhea. The lesions most prominent at necropsy were subacute to chronic tubulointerstitial nephritis, subacute to chronic pancreatitis. and generaliLed hemosiderosis. Chronic protein deficiency is believed to be the underlying pathogenic mechanism, since the diet contained no more than 15% animal protein during the last two years, and increasing the amount of protein was accompanied by disappearance of' the syndrome.
Materials and Methods
Our marmosets are maintained indoors. and are used mainly for behavioral research. Their diet varies slightly with seasonal influences or the availability of accepted commercial diets. In the last two years it contained IY? each of animal and vegetable protein.
In 1976 and 1977. 18 marmosets ranging from 2 days to 16 years old died or were killed because of various diseases (table I). Six of these had the wasting disease. At necropsy, specimens were saved for parasitologic and histologic examination. Two animals were perfused with glutaraldehyde for electron microscopic studies.
For histology. formalin-fixed. paraffin-embedded tissues were used for routine hematoxylineosin (HE) staining. Special stains used were Turnbull's blue. PAS. van Gieson-elastica. azan. Nissl. von Kossa. Gornori's silver technique (reticulum fibers). and Glees' stain for degenerated axons. Some frozen sections were stained with Sudan III to show neutral fat in hepatic tissues.
Results

Clinical signs
Most of the marmosets with wasting disease (table 1) had a transient diarrhea with yellowish, foamy feces a week before any other symptoms. All of the marmosets had weakness or lack of coordination progressing to paralysis of the posterior extremities three to four weeks before death, which initially hampered their climbing abilities and finally resulted in complete motor paralysis of the hind legs. They remained alert and the sensory functions of the paralyzed extremities were intact. Weight loss occurred over a period of one to two weeks, with a dramatic loss five to six days before death, despite an unchanged food and water intake and treatment with Bvitamins, roborants and antibiotics. During the last few days before death, the animals' tongues, faces and eyelids became pale. Three blood samples for serological examinations were hemolyzed, which was first ascribed to technical error but, in retrospect, could have had other causes.
Morphologic observations
Morphologic observations are summarized in table I. One of the most prominent features in the affected animals was cachexia, with adult body weights of 200-300 g. Similar wasting disease was seen in one other marmoset without nervous signs. The kidneys were pale, with a coarsely granular surface. They were firm and resisted cutting. In four marmosets the pancreas was enlarged and firm.
The major histologic changes obviously associated with the wasting disease are summarized in table I. In the kidneys there were bilateral, multifocal, predominantly lymphocytic infiltrates in the tubular interstitium, usually accompanied by massive interstitial fibrosis ( fig. 1 ). These inflammatory lesions usually were in the subpelvic tissues and at the cortico-medullary junctions, but sometimes around otherwise unaltered glomeruli. In the advanced and grossly sclerotic kidneys, the lymphocytic infiltrate was accompanied by proliferating connective tissue containing focal mineral deposits. In most cases, Turnbull's blue stain showed extensive hemosiderin in the deposits and some calcium granules. Mineralized iron also was found in the proximal tubules as cytoplasmic, iron-positive globules, or as a constituent of the cellular and amorphous casts. In advanced renal sclerosis, this usually was accompanied by marked atrophy and loss of the tubular epithelium.
Ultrastructural examination of earlier lesions showed extensive dilation of the tubular endoplasmic reticulum, loss of the brush border of the luminal surface, and reduplication of the basement membranes of the proximal convoluted tubules (fig.  2) .
The glomerular lesions in the animals affected by the wasting disease seemed to be secondary. Some glomeruli had atrophied tufts, focal increase of the mesangial matrix or even glomerular obsolescence coinciding with the general interstitial fibrosis and tubular destruction. The mesangial cells rarely had proliferated, and the glomerular capillaries showed no signs of involvement other than dilation or compression. Bowman's space frequently was dilated ( fig. I) .
Changes in the renal vascular system, which have been identified in two older animals as arteriosclerosis and sclerosis of arcuate arteries, might have had some influence on the clinical course of the disease, but were unrelated to the wasting disease.
Fibrosis similar to that described in the kidneys was seen in the pancreatic interstitium ( fig. 3) . Mononuclear or, in two animals, polymorphonuclear infiltrates or fibrosis of the interstitium were associated with atrophy of the pancreatic acinar cells. As in the sclerotic kidneys, severe pancreatic interstitial fibrosis was combined with focal interstitial hemosiderosis.
In the liver there was an unusual hepatocellular hemosiderosis that seems to have occurred early in the course of the disease. Diffuse granules, faintly blue with Turnbull's stain, were concentrated in perinuclear areas of the hepatocellular cytoplasm, even in younger animals without wasting disease. In older animals with wasting disease, there was massive hepatocellular hemosiderosis ( fig. 4 ). Associated with it was a foamy, vacuolar degeneration, particularly of periportal hepatocytes, which, in frozen sections, did not stain for fat. Some hepatocytes had karyolysis or pyknosis.
Lesions of the skeletal muscles ranged from degeneration and atrophy of single fibers and myositis ( fig. 5 ) to coagulation necrosis of groups of muscle fibers. Thyroiditis was seen in two of four animals examined. We did not examine thyroids in all marmosets at necropsy, but there did not seem to be a strong association between thyroiditis and wasting disease.
Discussion
The designation of the renal lesion in marmosets with wasting disease as chronic tubulointerstitial nephritis is,based on the following facts: I . the interstitial inflammation always was accompanied by tubular damage, even without recognizable fibrosis, in the early stages; 2. distribution of the inflammatory response was multifocal; 3. eventually there was advanced fibrosis; and 4. glomeruli and blood vessels were relatively uninvolved.
We have seen mild cases of tubulointerstitial nephritis, pancreatic fibrosis, and hepatic hemosiderosis in marmosets without the wasting disease. Perhaps the latter syndrome develops only in the advanced stages of whatever disease processes are at work. Chronic nephritis also has been reported in marmosets [3, 20, 241, but not in association with a wasting disease. Pancreatic fibrosis with occasional emaciation has been reported in marmosets [8, 221. One of the major questions in this peculiar disease is whether there are any connections among the clinical symptoms of wasting. the striking renal and pancreatic fibrosis. and renal. pancreatic and hepatic hemosiderosis.
The excessive hepatocellular hemosiderosis, which also occurred in younger animals that died from other diseases. suggests a central role for accelerated hemolysis in the pathogenesis of the disease. The cause of the massive blood cell destruction, however. can only be surmised at this time. We excluded hemosporidian infection in the second or third captive generation. A suspected mercurial poisoning could not be verified by chemical analysis.
The disease was not related to age or sex. Its occurrence in a variety of animals suggested a mechanism affecting the entire colony. A contributing factor may have been diet. The 154 animaI protein is below the recommended 25% to 27% [4, 12, 131 . and such a low content of high quality protein may not meet the minimum requirements of Callitrichids. which are largely carnivorous (2. 7, 19, 261 . It is interesting to compare the disease in our marmosets with kwashiorkor (experimental protein malnutrition) in other nonhuman primates. The clinical signs reported in experimental kwashiorkor were apathy. delayed weight gain. weight loss or retarded growth. weakness and occasional periorbital edema (4. 6. 9. 10. 14. 161. There was normocytic normochromic anemia combined with a striking decrease in serum iron binding capacity [25] . The most common lesion after protein deprivation for several weeks or months was fatty metamorphosis of hepatocytes. particularly in the periportal regions. In the pancreas. loss of zymogen granules was followed by cellular degeneration or atrophy. Myocardial edema. degeneration. and atrophy of the splenic germinal centers also were seen [ 1, $ 6 , 11, 14,21,23] . Hemosiderosis o f the intestinal lamina propria [I61 and extensive hemosiderosis in the liver [9] suggest some interference with iron metabolism.
Thus, t h e disease in our marmosets has many similarities t o protein deficiency in other primate species. The differences may relate to the time involved, because in our marmosets the protein-deficient diet was fed for a t least two years, whereas the experiments with other nonhuman primates usually were limited to several weeks or months. The diet also might have been unbalanced in some other respect. It was supplemented by vitamin D:3, which is a common practice with New World monkeys.
We have since supplemented the diet with purified milk protein, and t o date have seen no further cachexia or other clinical disease. T h i s seems t o confirm the suggestion that inadequate dietary protein played a role in the wasting syndrome in o u r marmosets.
